Introduction
Scotch broom, Cytisus scoparius (L.) Link, Fabaceae, is native to central and southern Europe. It is a nitrogenfixing leguminous perennial shrub 1-3 m tall with showy yellow pea-like flowers. Each plant may produce thousands of seeds that are long-lived, up to 80 years in the soil (Bossard and Rejmanek, 1994) . Scotch broom was introduced into North America as an ornamental plant, but it escaped cultivation and became naturalized. Without its natural enemies to keep it in check, Scotch broom flourished and spread, particularly in disturbed habitats (Andres et al., 1967) . It occurs from British Columbia south to California and along the eastern seaboard of the USA, with major infestations in North Carolina (Andres and Coombs, 1995; Redmon et al., 2000; Coombs et al., 2004) . Scotch broom has spread throughout the Pacific Northwest, west of the Cascade Mountains (Andres and Coombs, 1995) , and is considered noxious in California, Hawaii, Idaho, Oregon and Washington. Most infestations occur where the natural plant communities have been disrupted by logging, construction, overgrazing and rights of way. In Oregon, where the plant infests the western third of the state, an annual economic loss was estimated at $47 million (Radtke and Davis, 2000) . Much of the loss was associated with competition affecting reforestation after logging and the cost of control.
Because Scotch broom is a serious invasive pest in several countries, including Australia, New Zealand, Canada and the United States, an international program has been established to explore the possibilities for classical biological control (Syrett et al., 1999) . Biological control of Scotch broom in the United States began in 1960 with the release of the twig-mining moth, Leucoptera spartifoliella Huebner (Lepidoptera: Lyonetiidae) (Frick, 1964; Andres and Coombs, 1995) . Upon additional investigation, the moth was found to occur in the Pacific Northwest before its intentional introduction (Andres and Coombs, 1995) . The seed weevil, Exapion fuscirostre F. (Coleoptera: Apionidae), was released in 1964 in California (Andres et al., 1967) , in 1983 in Oregon and about 1989 in Washington (Andres and Coombs, 1995; Coombs et al., 2004) . Large-scale implementation programs for collection and redistribution of the seed weevil have been conducted by the Oregon Department of Agriculture (ODA) (Isaacson et al., 1995) . The seed weevil is now widely distributed, occurring throughout the Pacific Northwest (Coombs and Piper, 2002; Coombs et al., 2004) . ODA surveys showed that the degree of seed reduction by the weevil alone (20-60%) was insufficient for long-term control, based on studies by Rees and Paynter (1977) . Numerous other insects are associated with Scotch broom in the United States, many of which are adventive introductions (Waloff, 1968) .
To further reduce Scotch broom seed production, an additional seed-feeding insect was sought to compliment the impact of the weevil. The Scotch broom seed beetle, Bruchidius villosus F. (Coleoptera: Bruchidae), was accidentally introduced in the eastern USA during the early 1900s (Redmon et al., 2000) . It was first reported in 1918 in Massachusetts and is abundant in North Carolina, where seed reduction has been measured at more than 80% (Redmon et al., 2000) . The bruchid was introduced in Oregon in 1998 and in Washington in 1999 (Coombs et al., 2004) . This was the first adventive natural enemy in the United States to undergo host-specificity testing according to the US Department of Agriculture's (USDA) protocol to become a sanctioned classical weed biological control agent.
Biological control agent
The life history of B. villosus, as provided by Southgate (1963) and Andres et al., (1967) , is a univoltine insect that overwinters as an adult and is native to western and central Europe. Adults emerge from the duff in the spring and feed on Scotch broom pollen. After mating, gravid females may oviposit 2-12 eggs on the outside of Scotch broom seed pods. Larvae hatch and tunnel into the pod and begin feeding on the seeds. Usually, each larva develops in a single seed, completing development in 15-30 days. Pupation lasts 10-20 days and occurs within the seed coat. Adults are dark grey and about 2-3 mm in length. Adult feeding has little impact on the plant. Other plant species attacked include Portuguese broom, Cytisus striatus (Hill) Rothm., Spanish broom, Spartium junceum L., and French broom, Genista monspessulana (L.) L. Johnson.
Methods
After the appropriate USDA permits were obtained, adult B. villosus were collected in the spring of 1998 in North Carolina and shipped to Oregon and later to Washington. Three main habitat types (coastal, valley and mountain) were chosen as release habitats where Scotch broom occurs. Releases of 100-400 adults per release were made, and site data were recorded. Releases of adult beetles during the mating and oviposition periods were preferred over releasing teneral adults. Selected release sites in each of the three main habitat types were sampled to evaluate establishment 4 or more years after release and to estimate numbers of adult B. villosus. Site evaluations included the use of beating sheets one to three times per year to verify presence of adults and sampling of three to ten plants per site, with three samples per plant. Seed pods (25-100 per site) were harvested to determine presence of eggs, larvae, adult seed beetles and numbers of damaged seeds. B. villosus was determined to be established when adults were recovered 3 or more years after release. When collection at nursery sites exceeded 200 adults per hour sampled, surplus beetles were harvested for redistribution to other sites.
Results and discussion
The first release of B. villosus as a classical biological control agent for Scotch broom in the United States was made in western Oregon in August 1998. Unfortunately, the release cage used was either vandalized or blown away by strong winds, and the beetle was never recovered. Numerous releases were made in other areas from 1999 to 2001. In 2003, an established population west of Salem, OR, supported surplus beetles for local redistribution (Table 1) . We anticipate that major collection and redistribution projects will occur during the coming decade. In western Oregon, more than 83 releases of B. villosus have been made throughout the core area of Scotch broom infestations (Fig. 1) and at least 52 sites in Washington. We attempted to include a wide variety of habitats that were infested with Scotch broom, including coastal, inland valley and mountainous. We sampled for adult beetles at 21 of 57 sites that were 4 or more years old. In 2005, we were unable to find B. villosus at seven of the 21 sites where a beating sheet was used, and three of the 26 sites where ripe seed-pods were collected. E. fuscirostre was found at all but one site in each of these surveys. We suspect that, as populations of B. villosus become better adapted to local climates and conditions, the number of sites without the bruchid will decrease.
Our observations showed that B. villosus populations required at least 4 years before sites were amenable to collection for redistribution. The bruchid does not appear to aggregate at new release sites and thus are difficult to recover until populations build up at a given site for at least 3 years. We were unable to find release sites that were not already inhabited by E. fuscirostre at the time of releasing B. villosus because of the earlier intensive collection and redistribution program conducted by ODA (Fig. 1) . We hope to conduct tests to determine the population potentials and impacts of both beetles alone and in combination. Of the 21 release sites monitored for adult beetles, the mean ratio of the bruchid to the weevil increased with time, and at three 6-year-old sites was 50% or greater. Our data show that, despite competition with E. fuscirostre, B. villosus should continue to spread and increase (Fig. 2) .
It is not yet clear which insect in which habitat is the better competitor without long-term monitoring. Data from the seed-pod analysis (Fig. 3) show that, with respect to E. fuscirostre, the overall proportion of B. villosus regardless of habitat sampled remains about the same when years-since-release is not factored in. Our sample size is inadequate at this time to clearly identify the trends. However, when we looked at establishment rates as a function of general habitat region, it was evident that B. villosus had a higher rate of establishment at the inland sites in the Willamette Valley of western Oregon (Fig. 3) . The valley climate is drier and warmer than the coastal and mountainous sites.
Seed-pod attack rates were highly variable, from 10% to 90% at release sites that were 3 years old or older. Seed destruction within pods varied from 20% to 80%, being highest at older release sites. Analysis of seed-pod attack rates and seed destruction will be analyzed in future work.
There may be inherent problems in our early analysis that compared active adults collected by beating plants to the number of adults sampled in the seed-pod col- Release locations of Bruchidius villosus (F.) (circles; n = 83) and Exapion fuscirostre (F.) (squares; n = 529) on Scotch broom in Oregon, USA.
lections. Free-roaming adult beetles can move about; therefore, behaviour and abundance of adults of each species may differ in relation to plant phenology. This appears to be evident when comparing populations sampled on the same date from the cooler coastal and mountainous sites, which were phenologically behind those from the warmer and drier valley sites. Future analysis should be adjusted to specific degrees of plant phenology, e.g. percent in flower, average size or colour of pods. However, because of the variation that we have observed among and between sites, this may not be practical.
In the course of sampling the production of beetles in seed-pods, we found that a small percentage of beetle larvae were parasitized by chalcidoid wasps. Representative wasps were collected and sent to a USDA taxonomist for identification. The most common of the four species of pteromalids and the only one identified to species was Pteromalus sequester Walker, a natural enemy of B. villosus (Syrett et al., 1999) seed weevil, Exapion ulicis Forster, in Europe (Davies, 1928) . Our observations showed that parasitoid attacks on B. villosus and E. fuscirostre did not exceed 4% at any of the sites. We do not know how this parasitoid arrived in the United States, but we are concerned that they have the potential to render both seed-pod beetles ineffective as biocontrol agents. Our studies show that B. villosus populations can establish and increase at the Scotch broom habitat types that we surveyed in the western USA. It is still too early to determine the degree of seed reduction that will be achieved by the combination of B. villosus and E. fuscirostre. Additional long-term studies are needed to document the spread and impact of both seed-pod beetles. As both species should become widely established, we hope that their impact will be additive, or at the very least, non-competitive. Based on studies by Rees and Paynter (1977) , we expect that a 95% reduction of seed production will be necessary to achieve long-term control of Scotch broom infestations. At the present time, B. villosus appears to be better adapted to the warmer and drier climate of the interior western valleys of the American west coast. Additional studies are needed to determine the combined impacts of all natural enemies established on Scotch broom in the western USA.
